Water from fifteen shallow wells used for irrigation was analysed during the wet and dry seasons of 2012 and 2013 respectively from Amuwo-Odofin and Ojo LGAs in Lagos-Nigeria. In situ parameters were measured for electrical conductivity, pH and total dissolved solids using portable metres. Bicarbonate, calcium, carbonate, and chloride were determined using a titrimetry method. Magnesium, potassium and sodium were determined with an Atomic Absorption Spectrophotometer while sulphate was determined using a spectrophotometer. Total hardness was computed using Fournier equation. The study aimed at examining the seasonal variations of shallow well water for irrigation purpose in the study area. Data were analysed using tables, charts, descriptive inferential statistics and irrigation water quality indices. The results show that the mean values of all the parameters were higher in dry season compared to the wet season except for pH. The paired samples T-test indicate significant seasonal variations at p<0.05 for sodium, potassium, bicarbonate and sulphate. The Kelly ratio, magnesium ratio, residual sodium carbonate, percentage sodium and sodium adsorption ratio indices have revealed that the water quality is suitable for irrigation in both seasons. The spatial pattern of sodium and salinity hazard shows that all the samples are suitable for irrigation except for locations G 12 and G 14; and G 9 in dry and wet seasons respectively. It was concluded that the shallow well water is suitable for irrigation. Routine monitoring, appropriate treatment and investigation of soil quality test are recommended for further study.
Introduction
Water is required for meeting several needs for human, fauna and flora species. The water requirement for meeting these various needs should not only be in sufficient quantity, but should be of good quality in order not to cause any harmful effects on the lives (Garg, 2010) . Most crops require certain quantity and quality of water for optimum growth. Globally, groundwater serves as a major resource for the livelihoods and food security of about 1.2 to 1.5 billion rural households in the poorest regions of Africa and Asia (Comprehensive Assessment of Water Management in Agriculture, 2007) . It is estimated that the about 3,600 cubic kilometres per year of groundwater is globally withdrawn for various uses. Irrigation of agricultural lands accounted for about 70% of the water used globally (World Water Assessment Programme (WWAP, 2006; Vineesha & Singh, 2008) . For example, in Asia, the Middle East, North Africa and sub-Saharan Africa irrigation accounts for almost 85-90% of all withdrawals (WWAP, 2012) . Although irrigation is essential for food security, it has been reported that irrigation of agricultural lands is responsible for surface and groundwater quality deterioration due to pesticides, pollutants, nutrients, sediments and salinisation among others (WWAP, 2006) .
In addition, raw water used for irrigation contains certain impurities, such as salts and minerals that are harmful for human as well as for plant growth. Thus, irrigation water management is vital for irrigation crop cultivation. The suitability of water for irrigation depends on several factors, such as soil type, crop selection, climatic conditions, irrigation methods adopted, drainage conditions of the area, fertiliser use, farm management practices and irrigation supplies (Hussain et al., 2010) . Several irrigation water quality schemes have been proposed by many authors. Some of these classification schemes are based on two or more factors, usually total salinity and relative amount of sodium (Hussain et al., 2010) . For instance, the US salinity Laboratory (1954) classification scheme that rates water with respect to total salinity (EC) and sodium hazard and sodium adsorption ration (SAR) has been widely used. Wilcox (1948) highlighted four factors affecting the irrigation water quality, namely; salinity, sodium, boron and sodium carbonate. This classification scheme classifies salinity hazard (C) into four subzones, such as low salinity hazard (C1, <250 μS/cm), medium-salinity hazard (C2, 250 to 750 μS/cm), highsalinity hazard (C3, 750 to 2,250 μS/cm) and veryhigh-salinity hazard (C4, >2,250 μS/cm), representing good, moderate, poor and very poor water classes respectively. Similarly, sodium hazard (S) is categorised into four sub-zones, such as low-sodium hazard (S1, <10), medium-sodium hazard (S2, 10 to 18), high-sodium hazard (S3, 18 to 26) and very-high sodium hazard (S4, >26), representing good, moderate, poor and very poor irrigation water quality respectively. Doneen (1954) proposed a classification scheme based on effective salinity expressed in meq/L -1 .The effective salinity is defined as the total salinity less that of CaCO 3 , Ca (HCO3) 2 , MgCO 3 , Mg (HCO3) 2 and CaSO 4 subtract in that order (Hussain et al., 2010) . Also, Doneen (1964) proposed a method of classifying irrigation water quality using permeability index (PI), Szaboles & Darab (1964) adopted magnesium hazard for evaluating irrigation water quality. Eaton (1950) applied Residual Sodium Carbonate (RSC) index Wilcox (1948) , classified groundwater based on percentage of sodium upon the constituents of soil to be irrigated (Gupta & Gupta, 2008) . Christiansen and Olsen (1973) proposed seven factors necessary for irrigation quality assessment to include electrical conductivity, sodium percentage, SAR, Na 2 CO 3 , CO 3 , chloride, effective salinity and boron. The study aimed at examining the seasonal variations of shallow well water quality in AmuwoOdofin and Ojo LGAS of Lagos-Nigeria uses water quality indices.
Materials and Methods

The study area
The study areas are located within AmuwoOdofin and Ojo Local Government Areas (LGAs (Fig.1) .
Fig. 1. Study area Seasonal Variations of Shallow Well Water Quality in Amuwo-Odofin and Ojo LGA's of Lagos, Nigeria
The two major seasons recognised in the area are: dry season (between November and March) and wet season (April to October) with a short break in mid-August. The average temperature is about 27 0 C with annual average rainfall of about 1.532 mm (Adetoyinbo & Babatunde, 2010) . The dominant vegetation type consists of tropical swamp forest (fresh waters and mangrove swamp forests and dry lowland rain forest) (FEPA, 1997) .
The drainage system is characterised by Lagoons and waterways, barrier islands and sand beaches. The major River is the Yewa River. The geology is underlain by recent sedimentary rock composed mainly of alluvial materials (Longe, 2011) . A major human activity in the area includes farming, fishing, trading among others. Around Abule-Ado, Finniger, Okokomaiko and also along Lasu-Isheri road around post service and Lagos State University (LASU), the major farming activity is urban market gardening (Odumosu, 1999) . Major crops planted include vegetables and lettuce, while other crops include garbage, onions, spinach etc. The major source of irrigation water is from shallow wells.
Data collection
Fifteen shallow wells used for irrigation representing nine samples from Amuwo-Odofin (G 1-9 ) and six samples from the Ojo (G 10-15 ) Local Government Areas (LGAs) were randomly selected for the irrigation water quality assessment during the wet season of July, 2012 and dry season March, 2013. Samples were stored in clean 1.5 litre polyethylene plastic bottles after being rinsed with the shallow well water to be sampled and were analysed at the chemistry department, University of Lagos. Samples were analysed using standard methods (APHA, 1998) . In situ parameters were measured for electrical conductivity (EC), pH and total dissolved solids (TDS) using portable hand held meters (EC Dist 3 (HI98303, Hanna model), (PH-102, RoHS model) and TDS/TEMP HM digital model respectively. Bicarbonate (HCO 3 ), calcium (Ca), carbonate (CO 3 ), and chloride (Cl) were determined using a titrimetry method. Magnesium (Mg), potassium (K), and sodium (Na) were determined by Atomic Absorption Spectrophotometer (AAS), HI 98180 model while sulphate (SO 4 ) was determined using a spectrophotometer, HACH DR/2000 model. Total hardness was computed using the formula given by Fournier (1981) 
where: Na -sodium, Ca -calcium, Mg -magnesium, Kpotassium, CO 3 -carbonate, HCO 3 -bicarbonate.
All the ionic concentrations are in milliequivalents per litre (meq/L -1 ).
Sodium hazard (SAR) and salinity hazard (Conductivity) were mapped using Wilcox plot also known as the U.S Department of Agriculture (USDA) (1954) while the co-ordinates of the sample locations were recorded using the Global Positioning System (GPS) and plotted using Arc Map 9.3 (Figs 2 and  3) .The descriptive and inferential statistics (i.e. paired samples T-test -when measurement is in pair wise) were employed in analysing the results of shallow well water quality. 
Results and Discussion
The seasonal paired samples (measurement in pair wise) and correlation statistics of shallow well water are presented in Table 1 . The results show that the mean and SD of pH, EC and TDS for dry and wet seasons are in the order of (7.28, 7.45 ± 0.21, 0.17; 535.53, 302.89 ± 179.23, 192.52 and 351.67, 202.39 ± 123.04, 129 .01 respectively. The mean and SD values of major cations (Ca, Mg, Na and K) for dry and wet seasons are in the order of 41.6, 36.8 ± 11.76, 17.2; 13.2, 12.8 ± 4.95, 5.12; 26.61, 3.98 ± 7.83, 3 .04 and 4.32, 1.7 ± 1.25, 1.08 respectively. The seasonal mean and SD values of major anions (HCO 3 , SO 4 , CO 3 and Cl) were found to be in the order of 7.6, 3.8 ± 2.53, 1.42; 17.93, 8.4 ± 8.64, 4.26; 10.8, 11.2 ± 2.48, 2.81 and 36.93, 30.13 ± 13.56, 11.58 respectively. With the exception of pH, the mean values of all the parameters were higher in dry season compared to the wet season in the study area (Table 1) . The relationship among the examined parameters indicates that there are no significant correlations among the examined parameters for both seasons (Table 1) . Table 2 presents the seasonal paired sample Ttest of shallow well water parameters. The result shows that there are significant seasonal variations at p < 0.05 for four parameters, namely Na, K, HCO 3 and SO 4 in the study area (Table 2) . (Sakar & Hassan, 2006) . The results of the computed KR index for wet season ranged from 0.029-0.117meq/L with a mean value of 0.057 meq/L while it ranged from 0.312-0.484meq/L with a mean value of 0.368meq/L in the dry season value (Table 3) .
The mean value of KR shows that about 40% and 33.3% of the sampling locations exceeded the KR index for dry and wet seasons respectively (Fig.4) . Kelly (1963) suggested that irrigation water quality should not exceed 1.0meq/L. Based on the KR index, all the shallow wells are suitable for irrigation in the study area. MR, RSC, %Na and SAR ranged from 29.191-43.211,-4.382 to -0.662, 3.379-11.958 and 0.053-0.497 with a corresponding mean value of 37.438,-2.636, 6.583 and 0.193 respectively in the wet season. The values of the dry season show that, MR, RSC, %Na and SAR ranged from 26. 818-45.194,-5.027 to -0.93, 25.664-34.716 and 0.69-1.643 with a corresponding mean value of 33.682,-2.852, 28.64 and 1.289 respectively. About 60% of the mean value of the sampling locations exceeded the computed MR index for both seasons (Fig.5) . Similarly, all the samples were found to be suitable for irrigation in both seasons since the MR index was less than 50meq/L (Szabolcs and Darab, 1964) (Table 3) . 
Fig. 4. Computed KR versus mean value
Fig. 5. Computed MR versus mean value
The %Na index shows that about 40% and 33.3% of the sampling locations had their mean values above the computed %Na index for dry and wet seasons respectively ( Figure 6 ). It also inferred that all the samples are suitable for irrigation in both seasons, since the %Na index were found to be less than 60 meq/L. Eaton (1950) proposed a classification scheme for the RSC. The RSC index indicates that the value between 1.25 and 2.50 meq/L is suitable, the value less than1.25 meq/L is marginally suitable while an RSC value above 2.50 meq/L is unsuitable for irrigation purpose. Accordingly, the results of the computed RSC index show that all the samples are suitable for irrigation in both seasons (Table 3) . The sodium and salinity hazard were classified using the USSL (1954) . The classification scheme classified sodium hazard (S) into four sub-zones as; low-sodium hazard (S1, <10), medium-sodium hazard (S2, 10 to 18), high-sodium hazard (S3, 18 to 26) and very-high sodium hazard (S4, >26), representing good, moderate, poor and very poor irrigation water quality respectively. Similarly, the salinity hazard (C) was divided into four sub-zones given as: low salinity hazard (C1, <250 μS/cm), medium-salinity hazard (C2, 250 to 750 μS/cm), high-salinity hazard (C3, 750 to 2,250 μS/cm) and very-high-salinity hazard (C4, >2,250 μS/cm) corresponding to good, moderate, poor and very poor water classes respectively.
Fig. 6. Computed %Na versus mean value
According to these classification schemes, sodium hazard for both seasons shows that all the samples are characterised by low sodium hazard respectively (Figs.7 and 8) . Unlike salinity hazard, it shows that all the samples are of a medium value in Amuwo, while the samples from Ojo indicate low, medium and high value(s) from location (s) G 10 ; G 11 , 13 andG 15 ; and G 12 and G 14 respectively in dry season (Fig. 7) . High values of salinity hazard in these locations (G 12 and G 14 ) in Ojo during the dry season could result from runoff from the farm and asphalt from the road into the shallow wells.
Fig. 7. Classification of salinity and sodium hazard in dry season
The extent of salinity hazard for wet season has revealed that locations G 1-3 and G5; G 4 , G 7 and 16, and G 9 are characterised by low, medium and high value respectively in Amuwo, whereas samples from locations G 10, G 12-G15 and G 11 indicate low and medium salinity hazard respectively in Ojo (Fig.8) . The high salinity hazard from location G 9 in Amuwo during the wet season can be attributed to runoff from both anthropogenic, organic/inorganic manure into the well.
Fig. 8. Classification of salinity and sodium hazard in wet season
Conclusions
The study revealed that except for pH, the mean values of all the examined parameters i.e. EC, TDS, Ca, Mg, K, HCO 3 , SO 4 , CO 3 and Cl were higher in dry season compared to the wet season. The degree of relationship among the examined parameters shows that there are no significant correlations between the examined parameters in both seasons. The seasonal paired samples T-test shows that there are significant seasonal variations at P> 0.005 level of significance for four parameters Na, K, HCO 3 and SO 4 . The results of the irrigation water quality assessment show that the well water samples are suitable according to Kelly ratio, magnesium ratio, residual sodium carbonate and percentage sodium indices in the study area in both seasons. The mean values of magnesium ratio from locations G 5 (both seasons) and G 13 and G 14 in wet season were observed to be relatively high in the study area. Spatially, the pattern of sodium and salinity hazard reveals that all the samples are suitable for irrigation except for locations G 12 andG 14; and G 9 from Ojo and Amuwo in dry and wet seasons respectively. The study concluded that the shallow well water quality of the study area is suitable for irrigation. Routine monitoring, appropriate treatment and investigation of soil quality test are recommended for further studies.
